Introduction
Cognitive studies on attention have demonstrated that visual performance in attention tasks is improved or decreased by correct or incorrect cueing of target locations [1, 2] . In a typical study [1] , subjects were instructed to fixate on the center of a screen, where a cue informing them whether the target would be displayed on the right or left side appeared. After a short period, a target appeared on the cued side (valid condition) or on the opposite side (invalid condition). The subjects were required to report the detection of the target as soon as possible. Previous studies have reported that reaction times (RT) were faster in the valid condition than the invalid condition. The effects are thought to reflect our ability to direct attention covertly to a location in extrapersonal space (visuospatial attention).
Neuroimaging studies with positron emission tomography (PET) began to reveal the general architecture of the visuospatial attentional system in the human brain. For example, Corbetta et al. [3] used a visuospatial attentional task, and their PET data indicated that superior parietal cortex, superior frontal cortex in the premotor region, and anterior cingulate gyrus were activated. Nobre et al. [4] also examined the anatomical localizations of the visuospatial attention network using PET. They asked subjects to perform 2 types of visuospatial atten-tional tasks in order to examine whether different activation is observed between reflexive and nonreflexive shifts of visuospatial attention. Both tasks involved covert peripheral shifts of attention directed by peripheral cues (a brief brightening of 1 square). In 1 task, a brief brightening of a square indicated the appearance of the target in the square. This task was supposed to emphasize reflexive aspects of orientation (exogenous attentional shift), since attentional shifts were caused reflexively by the peripheral cues. In the other task, a brief brightening of the square indicated the appearance of the target in the opposite square. This task was supposed to emphasize controlled aspects of orientation (endogenous attentional shift), since subjects had to orient attention to the square that was opposite to the brightened square. Both tasks evoked activations of right anterior cingulate gyrus, intraparietal sulcus of the right posterior parietal cortex, and the medial and lateral premotor cortices.
Recent neuroimaging studies with event-related functional magnetic resonance imaging (ER-fMRI) have begun to isolate cue-and target-related activity in cued attention tasks. For example, Corbetta et al. [5] demonstrated that cues, targets in valid conditions, and targets in invalid conditions evoked different patterns of activation. Cues activate the inferior parietal lobule and superior parietal lobule. On the other hand, targets in valid conditions activate the superior parietal lobule and superior frontal cortex (area at the putative homologue of the frontal eye field), while targets in invalid conditions activate the frontal eye field, superior parietal lobule, and the temporal-parietal junction. They speculated that the intraparietal sulcus is related to voluntary orientation and maintenance of attention at cued locations, and the temporal-parietal junction is related to reorienting attention toward stimuli at unexpected locations [6] . In addition to these regions, it was reported that infrequent or task-irrelevant events activate the ventral frontal cortex (VFC) including the inferior frontal gyrus and middle frontal gyrus [7, 8] . Based on these results, Corbetta and Shulman [9] proposed 2 networks of brain areas. One system (orienting network or endogenous orienting system) includes the intraparietal sulcus and the frontal eye field, and is responsible for the generation of attentional sets. The other system (reorienting network or exogenous orienting system) includes the temporal-parietal junction and VFC, which are lateralized to the right hemisphere, and is involved in interrupting ongoing cognitive activity when an important stimulus is detected.
The present study used near-infrared spectroscopy (NIRS) to investigate hemodynamic responses in the frontal area of healthy adults during cued attentional tasks. NIRS is a neuroimaging method that measures changes in the oxyhemoglobin (oxy-Hb), deoxyhemoglobin (deoxy-Hb), and total hemoglobin (total-Hb) concentrations in the brain cortex and have increasingly and successfully been employed in functional activation studies in healthy infants and adults. It has a few advantages for visuospatial attention studies compared to fMRI and PET. Since NIRS imposes less physical constraints and subjects can move more naturally than with fMRI and PET [10] , it can be applied to infants and children in future developmental studies. In addition, since its signalto-noise ratio is relatively high and a reliable activity can be obtained within a relatively short period of experiments, it can be used to examine brain activities of attention-deficit patients who cannot bear long experiments in clinical studies. The present study used healthy adults and NIRS in order to propose fundamental data on hemodynamic responses in the frontal area during cued attention tasks.
We asked subjects to perform 2 types of visuospatial attentional tasks in order to examine whether endogenous (nonreflexive) and exogenous (reflexive) shifts of visuospatial attention produce different hemodynamic responses in the frontal area. In 1 task, the left or the right side of the center diamond brightened indicating the side for subsequent target appearance (endogenous task). In the other task, the peripheral squares brightened indicating the appearance of target in those squares (exogenous task). The former task was supposed to emphasize controlled aspects of orientation, while the latter was supposed to emphasize reflexive aspects of orientation. As mentioned earlier, Nobre et al. [4] also used 2 types of visuospatial attentional tasks in order to examine reflexive and nonreflexive aspects of attention in their PET study. To speak precisely, however, the 'endogenous task' used by Nobre et al. [4] emphasized both exogenous shifts of attention directed by peripheral cues (a brief brightening of 1 square) and endogenous shifts of attention directed by instructions that a target would appear in the opposite square. The endogenous task adopted in the present experiment, on the other hand, emphasized endogenous shifts of attention to a greater extent than that used in Nobre et al. [4] by excluding exogenous shifts of attention directed by peripheral cues. Based on the 2 networks proposed by Corbetta and Shulman [9] , it was expected that the exogenous task would produce greater activations in the right frontal areas than the endogenous task, since the exogenous task activated the exogenous orienting system including the right VFC to a greater degree than the en-57 dogenous task. Since the present study is the first NIRS study to investigate effects of these 2 types of visuospatial attentional tasks on frontal hemodynamics, it was difficult to state more specific hypotheses with regard to expected neural correlates for both tasks.
Participants and Methods

Participants
Eleven healthy young adults (Mongoloids; 5 males, 6 females, mean age = 23.7 years, SD = 5.1) were examined. All participants had normal or corrected-to-normal vision. The handedness of each volunteer was measured by their Edinburgh score, and all participants were right-handed. Participants were paid 1,000 yen per hour. Each subject consented to the experimental procedure, which was approved by the ethics committee of Asahikawa Medical College.
Apparatus
The experiments were conducted in a small sound-shielded and dimly lit room containing a small desk and a chair. The subject sat at the table on which a notebook computer (IBM ThinkPad T42) was placed. The subject's right hand touched the space key of the computer. Viewing distance was held constant at 50 cm.
Procedure
Stimuli were displayed onto the computer screen in white, on a black background. The baseline screen consisted of a center diamond (1.2° wide and 1.2° high) and two peripheral boxes (1.2° wide and 1.2° high), located 10° apart from the center diamond in a horizontal line. Participants were required to signal the detection of each target by pressing the space key of the computer with the index finger of the dominant hand as quickly as possible.
There were 3 types of cued attention tasks, an endogenous attention task, an exogenous attention task, and a vigilance task ( fig. 1 ).
In the endogenous and exogenous attentional tasks, a trial started with a warning sound (a ping sound of Windows XP), and after 500 ms a cue was presented in the center diamond (endogenous task) or in the peripheral squares (exogenous task). As a cue, the left or the right side of the diamond (endogenous task), or the left or the right square (exogenous task) brightened for 100 ms, indicating the side of subsequent target appearance. The target stimulus was a cross (+), 0.6° wide and 0.6° high, which appeared in 1 of the peripheral squares. The cue-target interval (stimulus onset asynchrony; SOA) was set at 400 or 800 ms to reduce temporal orienting. There were 2 trial types with different cueing conditions. In 80% of the trials, the target appeared on the side indicated by the cue (validly cued trials), and in 20% of the cases the target appeared on the opposite side (invalidly cued trials). The target remained in the peripheral boxes until the participant pressed a space key or 2,000 ms had elapsed since the onset of the cues. When the participant pressed the space key, an intertrial interval (ITI) started. When 2,000 ms had elapsed without reporting responses from the onset of the cues, the ITI were 0 ms. The length of the ITI varied depending on the length of the SOA (400 or 800 ms) and the participant's RT; they varied from 1,200 ms (when the SOA was 800 ms and the participant's RT was 0 ms) to 1,600 ms (when the SOA was 400 ms and the RT was 0 ms). As a result, the length of the trials was always 2,500 ms. An error was recorded if: (1) a response occurred before target presentation or within 100 ms after the onset of the target (false alarms); (2) no response occurred by the end of a trial (omissions). The total amount of trials in each block was 20 trials with 16 validly cued trials (8 right-and 8 left-sided targets) and 4 invalidly cued trials (2 right-and 2 left-sided targets). Participants were instructed to maintain fixation on the center diamond throughout the experiment, and to detect any peripheral target as quickly as possible. Eye movements were not monitored. Although we cannot rule out the occurrence of eye movements, the likelihood of this possibility might be somewhat diminished by 2 facts. First, participants reported no problems in maintaining fixation. Second, as noted later, patterns of RT obtained in the present study were similar to those obtained from previous studies in which eye movement were monitored. Before scanning, subjects were informed about the different trial types. They were also told that spatial cues were highly informative, and encouraged to use these cues to improve performance. A 2-min training session was performed before scanning.
The vigilance task was the same as the endogenous task, except that both sides of the diamond brightened and targets appeared in the center diamond. A trial started with a warning sound, and after 500 ms both sides of the diamond brightened for 100 ms as an irrelevant cue. The cue did not indicate the side for subsequent target appearance. A target always appeared in the center diamond. The target stimulus was a cross, 0.6° wide and 0.6° high. The cue-target interval was 400 or 800 ms. Since cues and targets appeared only in the center diamond, participants did not have to shift their attention at all in this task.
The experiments were conducted in the manner of a blocked design. Each block consisted of a rest period lasting 30 s, a vigilance task lasting 50 s (20 trials), a rest period lasting 30 s, an endogenous task lasting 50 s (20 trials), a rest period lasting 30 s, an exogenous attention task lasting 50 s (20 trials), and a rest period lasting 30 s (the last rest period corresponded to the first rest period of the next block), in this order. Each participant underwent 3 blocks of experiments.
NIRS Data Acquisition
For near-infrared optical topography, a 24-channel spectrometer operating at 780 and 830 nm wavelengths (Hitachi ETG-100) was used to measure temporal changes in concentrations of oxyHb, deoxy-Hb, and total-Hb. A 3 ! 3 array of 9 probes (5 laser diodes and 4 photodiodes), resulting in 12 channels, was mounted on a plastic helmet (see fig. 2 ). The helmet covered an area of 6 ! 6 cm. The photodiodes (light detectors) were located 30 mm from a laser diode (light emitter) and each photodiode detected the reflected near-infrared light of its neighboring/surrounding laser diodes, resulting in 12 links between the emitters and detectors. The laser diodes emitted light of 2 wavelengths (780 and 830 nm) modulated at a particular frequency for each wavelength and channel (ranges: 782-793 and 823-833 nm) onto the subject's scalp. The ETG-100 measured data with a sampling rate of 10 Hz. Since changes in the concentration of oxy-Hb and deoxy-Hb depend on the path length of the near-infrared light in the brain, the scale of the hemoglobin quantity is mmol ! mm. The locations in the international 10-20 system have an appropriate relationship with cortical regions for Mongoloids [11] . Therefore, 2 helmets, each of which included 12 channels (CH1-CH12 in the left helmet, and CH13-CH24 in the right helmet), were placed on the left and right frontal area by referring to the system. As shown in figure 2 , the helmet on the right frontal area was placed with its left lower laser diode at Fp2. As a result, the right lower laser diode was located around F8, and the middle upper photo detector was around F4. Similarly, the helmet on the left frontal area was placed with its right lower laser diode at the Fp1. As a result, the left lower laser diode was located around F7, and the middle upper photo detector was around F3. This placement enabled us to measure brain activation in the left brain area among Fp1, F3, and F7, and in the right brain area among Fp2, F4, and F8. According to a probabilistic anatomical platform based on Mongoloids [11] , these areas include the anterior, dorsolateral, and ventrolateral prefrontal cortices in both hemispheres.
The ETG-100 system measured changes in the concentration of oxy-Hb, deoxy-Hb, and total-Hb from starting baseline. For the 3 block repetitions, data were averaged according to the task condition (vigilance task, endogenous task, and exogenous task) with a 6-second 'baseline' preceding each task period and a 6-second 'rest' segment following each task block. The block was divided into a 6-second pretask baseline period (pre-task period), a 50-second task period, a 12-second relaxing period (relaxing period), and a 6-second posttask baseline period (posttask period). The 12-second relaxing period was introduced since our previous studies indicated that changes in the Hb concentrations ended within 12 s after the tasks. This delay is consistent with previous reports of hemodynamic responses in the cortex [12, 13] . Spontaneous cerebral blood flow oscillation, which originates through vasomotion of large cerebral arteries, and whole body blood flow changes, which synchronize over the whole channel array, were corrected by a baseline correction of a linear fitting performed on the data between the 6-second pretask and 6-second posttask periods. For statistical analyses, the mean values of each of the time segments for the 3 attention tasks were calculated for each participant and NIRS channel. Table 1 presents the mean RT to different trial types and tasks. For the vigilance task, a 1-way repeated-mea- The endogenous task and the exogenous tasks have the same task structures, except for different cueing conditions. In order to examine effects of the 2 types of cuing conditions on error responses, a 1-way repeated-measures ANOVA was conducted for error responses in the endogenous and exogenous tasks. There was no significant difference between false alarms in the endogenous and the exogenous tasks [F(1, 10) = 2.61, p = 0.16]. However, there was a significant difference between omissions in the endogenous and the exogenous tasks [F(1, 10) = 7.11, p ! 0.05].
Results
Behavioral Data
NIRS Data
Although recent simultaneous fMRI-NIRS measurement studies [14, 15] have suggested that oxy-Hb is strongly correlated with the fMRI signal, there is still controversy as to the choice between oxy-and deoxy-Hb as an appropriate index of hemodynamic response to cognitive processes [16] . Therefore, we focused on both oxy-and deoxy-Hb. We observed marked oxy-Hb increases and decreases in some channels during the task period. Figure 3 shows changes of averaged oxy-Hb and deoxy-Hb quantities (mmol ! mm) in 2 representative channels in which oxy-Hb significantly increased (left panel) or decreased (right panel). Since marked increases or decreases in oxy-Hb were observed shortly after the onset of the task period (gray bar on the x-axis) and they gradually returned to the baseline during the rest period, these responses were considered to be task-induced.
Five of 24 channels (CH1, CH2, CH3, CH14, and CH17), which were located in the upper area of the probes, were affected by severe measurement noise in 1-4 subjects. Because of the within-subject nature of comparison in the present experimental design, data obtained from Values are given as means 8 SD. n.s. = Not significant. As we were interested in differences between tasks and channels, we performed post hoc tests using Tukey HSD (honestly significant difference) to investigate the precise tasks and channels in which task periods produced significant changes in oxy-Hb. Table 2 summarizes channels in which statistically significant oxy-Hb increments (+) or decrements (-) were observed between the pretask period and the task period. Figure 4 is a schematic diagram of the positions of the channels that showed significant increases or decreases in oxy-Hb in the task periods for the 3 tasks. The task period produced significant increases in oxy-Hb in: 5 channels in the left hemisphere (CH4, CH6, CH8, CH9, and CH11) and 4 channels in the right hemisphere (CH19, CH21, CH22, and CH24) during the vigilance task; 3 channels in the The numbers indicate channels that showed significant increments (black) or decrements (white).
right hemisphere (CH21, CH22, and CH24) in the endogenous task; 1 channel in the left hemisphere (CH11) and 4 channels in the right hemisphere (CH19, CH21, CH22 and CH24) during the exogenous task. In addition, the task periods produced significant decreases in oxy-Hb in 2 channels in the left hemisphere (CH10 and CH12) and 1 channel in the right hemisphere (CH20) in the exogenous task. Channels in which increases in oxy-Hb were observed were located near Fp1 and Fp2, whereas channels in which decreases in oxy-Hb were observed were located in near Fp7 and Fp8. Additionally, we performed post hoc tests using Tukey HSD to analyze whether the oxy-Hb data are statistically different between tasks for the channels. In the task periods of CH12, the oxy-Hb data in the exogenous task were significantly smaller than those in the vigilance and the endogenous tasks. In the task periods of CH20, the oxy-Hb in the exogenous task was significantly smaller than that in the endogenous task. A 3-way repeated measures ANOVA was conducted for the deoxy-Hb data to determine the effects of manipulating tasks, channels, and time on the hemodynamic responses. There was a significant main effect for channels [F (18, No other interactions were significant. Post hoc tests using Tukey HSD were performed to investigate the precise channels in which task periods produced significant changes in deoxy-Hb. The task period produced significant decreases in deoxy-Hb in CH11, CH22 and CH24.
Discussion
Behavioral Data
For combined data obtained from endogenous and exogenous tasks, there were significant effects of SOA and cues on RT. Therefore, it was suggested that RT were shorter in the valid condition than in the invalid condition, and were shorter for the long SOA than for the short SOA. These results were consistent with those obtained in previous studies [1, 2] , suggesting that subjects effectively used the cues regarding the location of the target. For difficulty of different cueing conditions (endogenous vs. exogenous tasks), there was no significant effect of conditions (endogenous vs. exogenous tasks) on RT. In addition, there were no significant effects of tasks on mean frequencies of false alarms between these cueing conditions. However, omissions were more frequent in the exogenous task than in the endogenous task. Therefore, it was suggested that the exogenous task was more difficult than the endogenous task.
NIRS Data
The 3 tasks produced differential patterns of increases in oxy-Hb in the left and the right prefrontal areas. For the right hemisphere, 3 channels in the right hemisphere (CH21, CH22, and CH24) produced activations (increases in oxy-Hb) throughout the 3 tasks. For the left hemisphere, on the other hand, activations were observed in 5 channels in the left hemisphere during the vigilance task (CH4, CH6, CH8, CH9, and CH11) and 1 channel in the left hemisphere during the exogenous tasks (CH11), whereas no activation was produced during the endogenous task. For deoxy-Hb, decreases were observed only in 3 channels (CH11, CH22, and CH24) throughout the 3 tasks. Thus, this discussion focuses on oxy-Hb.
The right prefrontal activations were common among the 3 tasks. The 2 networks proposed by Corbetta and Shulman [9] predicted that the exogenous task would produce greater activations in the right frontal areas, because the exogenous orienting system in their model includes VFC in the right hemisphere. In the present study, however, the right prefrontal activations were also ob- The significant increments (+) and decrements (-) in oxy-Hb (mmol ! mm) between the pre-task period and task are shown in parentheses. served in the vigilance task, which did not require exogenous orienting of visuospatial attention. In addition, the activated areas in the present study (CH21, CH22, and CH24) seemed to be located more rostrally than those included in the exogenous orienting system [7] [8] [9] . Therefore, the present results are not in line with the model proposed by Corbetta and Shulman [9] .
Alternatively, the 3 tasks in the present study had a common task feature of response selection (choosing responses given environmental stimuli). Therefore, it is plausible that the right frontal activations in the present study might be related to cognitive processes of response selection. Neuroimaging research on neural substrates of response selection with fMRI has focused primarily on the anterior prefrontal cortex, dorsolateral prefrontal cortex, and ventrolateral prefrontal cortex [17] . Some of the research suggests that the right prefrontal cortex mediates spatial response selection for spatial materials [17] [18] [19] [20] [21] [22] , whereas other research suggests that the left prefrontal cortex is activated by response selection [23] [24] [25] . The activation of the right prefrontal cortex observed throughout the 3 tasks in the present NIRS study seems to provide additional support for the hypothesis that the right prefrontal cortex may mediate response selection for spatial materials [17] .
For the left prefrontal cortex, increases in oxy-Hb were observed in 5 channels during the vigilance task and in 1 channel during the exogenous task. Unfortunately, the functions of the left prefrontal cortex are controversial at the present [17, 26] . As mentioned earlier, practice-related increases in activations were reported in the left prefrontal cortex with a response selection task, suggesting that the left prefrontal cortex mediates response selection [25] . In the present study, however, the activations observed in the left hemisphere were unlikely to be related to response selection since the activations were not observed consistently across the 3 tasks. On the other hand, a variety of studies have suggested that activations in the prefrontal cortex may be attributed to thought processes that are task unrelated and stimulus independent, since the activations in the prefrontal cortex were observed in a variety of tasks that are supposed to involve self-referential mental processes [27] [28] [29] [30] [31] . Recently, however, it was demonstrated that performance-related activations were observed in the left prefrontal cortex during a simple RT task, suggesting that the left prefrontal cortex played a role in maintaining attention toward the external environment, but not in generating any information internally [26] . Moreover, it was reported that activity in this region was related to the degree of visual attention to external stimuli in the exogenous type of visuospatial task [32] . In the present study, the activations in the left prefrontal area appeared during the vigilance and the exogenous tasks. These results were consistent with the hypothesis that the left prefrontal cortex promotes engagement with the external environment [26, 32] . On the other hand, there was no activation in the left prefrontal cortex during the endogenous task. The reasons for this discrepancy are unknown at the present. However, one tentative hypothesis is that compared to the vigilance and the exogenous tasks the endogenous task may include an additional cognitive process of endogenous shifts of visuospatial attention (top-down control of attention) depending on cues. It is plausible that this process attenuated the degree to which participants engage with external stimuli in the endogenous task.
In the exogenous task, 2 channels around F7 (CH10, and CH12) and 1 channel around F8 (CH20) produced significant decreases in oxy-Hb during the task period. These channels seemed to be located in the middle or the inferior frontal gyri in both hemispheres [11] . There are several NIRS studies which found significant decreases in oxy-and total-Hb. For example, Wenzel et al. [33] found decreases in oxy-and total-Hb in the occipital cortex. Shimada et al. [10] also reported significant decreases in oxyand total-Hb in the prefrontal area during reaching tasks. In addition, decreases in oxy-and total-Hb have been reported in clinical studies. Hock et al. [34] reported a significant decrease in oxy-and total-Hb during performance of a verbal fluency task in patients with Alzheimer's disease. Similarly, Sakatani et al. [35] found a significant decrease in oxy-and total-Hb during electrical stimulation to the thalamus in patients with Parkinson's disease.
Although the whole mechanism of decreases in oxyand total-Hb remains unresolved, simultaneous fMRI-NIRS measurement studies [14, 15] have suggested that oxy-Hb is strongly correlated with the fMRI signal, and the decrease in oxy-Hb observed in NIRS measurement is essentially the same hemodynamic processes as the deactivation seen in fMRI and PET studies [10] . Cerebral neuron activation causes an increase in oxy-Hb consumption and cerebral vasodilatation, and, subsequently, cerebral blood volume begins to increase. It has been suggested that since cerebral blood flow exceeds the concomitant local increase in tissue metabolic rate, the typical response is an increase in oxy-Hb and a decrease in deoxy-Hb. As a result, the decreases in oxy-and total-Hb are thought to represent the deactivation of cognitive functions [10] . On the other hand, it is possible that if cerebral blood flow does not exceed the local increase in tissue metabolic rate, the typical response is a decrease in oxy-Hb and an increase in deoxy-Hb [36] . In fact, it was reported that healthy subjects showed a decrease in cerebral blood flow in the frontal lobe during problem solving and mental arithmetic [37] . Thus, there is a possibility that the decreases in oxy-and total-Hb may represent overactivation. Clearly, the relationship between neural activation and hemodynamic response is more complicated [38] .
If the decreases in oxy-and total-Hb are thought to represent overactivation of corresponding areas, the present results could be interpreted as suggesting that the prefrontal cortex was overactivated during the exogenous task. As mentioned earlier, one aspect of the exogenous task is to require the participants to inhibit top-down control of attentional orientation and engage with external stimuli in a wide area to a greater degree than the endogenous task. Therefore, this interpretation of the present result would be in line with the findings that the ventrolateral prefrontal cortex activated when participants were required to inhibit controlled shifts of attentional orientation in the continuous performance task [9, 39] .
On the other hand, there is a possibility that the decreases in oxy-Hb could represent deactivation of the corresponding areas. If this is the case in the present study, possible explanations should be discussed for the deactivation observed in the present exogenous task. First, during the cue period, the exogenous task required subjects to watch occurrences of cues in a wide area, whereas the vigilance and endogenous tasks required subjects to show selective attention to the center cues [2] . In other words, subjects had to exhibit active focal attention based on the cues in the vigilance and endogenous tasks, whereas they had to reduce focal attention and use their passive attentional processing triggered by peripheral cues in the exogenous task (preattentive processing, Neisser [40] ). Therefore, the deactivation observed in the exogenous task may reflect suppression of active focal attention. However, this speculation seems implausible for the present results, since deactivated areas in the exogenous task were not activated by the vigilance and the endogenous tasks that required subjects to show focal attention. Second, it has been suggested that deactivation in dorsal prefrontal areas may be related to task difficulty or attention demand in a variety of cognitive tasks [10, [41] [42] [43] . If the prefrontal area is activated during the rest period, it should be relatively deactivated during an attention-demanding task. This interpretation is consistent with the present behavioral data, which indicated that the mean frequency of omission in the exogenous task was significantly greater than that in the endogenous task, suggesting that the former task may be more attention-demanding than the latter task.
There are limitations that have to be considered in the interpretation of the present results. First, there is a possibility that the difference in obtained oxy-and deoxy-Hb concentrations does not reflect a functional difference, but a structural difference [44] . In other words, path lengths may vary among participants, which suggests that direct comparison of individual NIRS data might be inappropriate [39] . Second, the present study adopted a block design, which made it difficult to examine hemodynamic responses for each single trial [45, 46] . Clearly, future studies should adopt an event-related design. Third, the present study examined only a relatively small number of participants. Thus, it is preferable to conduct a future study with a larger sample size. Despite these limitations, our results demonstrated differential frontal activation during exogenous and endogenous orientation of visuospatial attention. The hemispheric dissociation between the activations in the frontal cortex during spatial attention suggests that these regions recruit distinct cognitive processes [17] . Further research is needed, which identifies more specific conditions under which activation and deactivation are observed in the frontal cortex. This effect will have to be considered in future network models of visuospatial attention.
